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INTRODUCTION

Space technology has been applied to the problems of memory loss in today's aging population

as part of the NASA Applications Engineering Program. This project was sponsored by the
National Aeronautics and Space Administration, the Administration on Aging, the National

Institute on Aging, the Veterans' Administration, and the National Institute on Disability and
Rehabilitation Research. The mission of these Federal agencies was to combine their expertise

and resources to identify and support technology-based solutions to problems faced by the
aging population. The first project under this joint effort called for developing a =memory aid"

device. The recommended target population was the clinically mild to moderately impaired

elderly suffering from Alzheimer's disease, dementia, or stroke. Memory impairment problems
were narrowed to wandering and orientation.

The data collected during a needs assessment study documented the problem of memory loss
in the aging population. NASA and the four health agencies then chose to focus on the problem

of wandering behavior and assigned the project to the NASA Johnson Space Center based on

the center's expertise in microelectronics and communication and tracking systems. A

competitive contract was awarded to Cortrex Electronics, Inc., and the design and prototype

system development for the Locator System for Wandering Individuals were completed.

DEFINITION OF WANDERING BEHAVIOR

There is variation in terms of what specific behavior is defined as wandering, and this behavior

may present itself differently in the home and institutional settings. To understand the problem
and to develop a means for helping those who wander and their caregivers requires an
understanding of the factors that contribute to wandering or that characterize those who wander.

The most important contributing element is memory impairment, but environment also plays a
significant role. Memory-impaired older people may walk to escape stressful environments, to
obtain physical or emotional stimulation, or because environmental cues fail to direct them to

places they are trying to find (Burnside, 1980; Hiatt, 1980; Lawton, 1981; Hiatt, 1980; Hiatt,

1982). In addition, an important element in at least some wandering is the person's sense of

need to go somewhere -- to a prior home, a former workplace, or some other location (Rader et
al., 1985).

For the purposes of this project, wandering was defined as movement by a memory-impaired
older person, either outside or within the home (or institutional setting), that puts the person in
danger of harm. The two major forms are

• Wandering away from the home (or institution) and being unable to find the way back

Wandering within the home (or institution) into areas that are unsafe or inappropriate for

the person to be in, during times when the caregiver cannot readily provide needed
supervision.



IMPAGT OF WANDERING PROBLEMS

On the basis of clinical experience, practitioners estimate that 15 to 20 percent of dementia

patients in the community outside of institutions wander away from home or attempt to wander

away (Cohen, 1986). A recent study of 501 family caregivers of older persons suffering from
Alzheimer's disease or a related disorder found that 81 percent of the patients had wandered

away from home or within the home at some time since they first showed signs of the disease,

and 38 percent had done so frequently (George, 1983). These figures, applied to an estimated
1.0 to 1.3 million older people with dementia living in the community outside of institutions (U.S.

Bureau of the Census, 1984; Katzman, 1985), suggest that between 200,000 and 494,000

people may wander away from or within the home. These numbers will undoubtedly increase

with the growth of the older population.

Wandering affects the quality of life of persons with wandering problems in both positive and

negative ways. On the positive side, it can allow the person to relieve tension, to seek variety

and stimulation in the environment, to benefit from physical exercise, and to participate in social

interactions. Appropriately directed and managed, wandering within a safe setting may help

the person maintain a sense of independence and control.

Negative direct impacts of wandering include physical danger from traffic, bad weather, hazards

such as lakes and pools, and even attacks by hostile people (Mace and Rabins, 1981). There

are also indirect impacts resulting from constant vigilance on the part of the caregiver, physical
or chemical restraint, and the use of locks or other barriers on doors, or notification schemes

(bells, alarms). Wandering can be an important factor in a family's decision to seek nursing
home or other institutional placement for an elderly relative (Mace and Rabins, 1981; Hiatt,

1985; Oakley, 1965; Brody, 1981).

For home caregivers, the impact of wandering behavior is substantial and important in itself.

The home caregiver's major distress is his or her fear of what may happen to a memory-

impaired family member who wanders away from home. This distress is typically felt even if the

older person wanders infrequently.

The impact of wandering on older persons combined with the impact on their caregivers

provides the basis for examining approaches used in coping with home wandering, and for
describing key features of a new system for wandering notification.

COPING STRATEGIES

Probably the single most important coping strategy, used alone or in combination with other

approaches, is constant vigilant surveillance by the caregiver. Physical restraints, although

sometimes used in institutional settings (Burnside, 1980; Miller, 1976; Cornbleth, 1977;

Snyder et. al., 1978; Fennelly, 1985), are probably less widely used by home caregivers.

Home caregivers have other coping strategies available, Including simply locking all the doors.

Chemical restraints, on the other hand, such as sedatives, tranquilizers, or other medications,

may be more frequently used by some home caregivers than institutions to control wandering.
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EXISTING DEVICES

Manufacturers have recently begun to develop and market devices to be used in institutional

and home settings as a part of comprehensive wandering management programs. Most of

these devices have become available only within the past few years and are still quite limited in

both their features and use, especially by home caregivers. In general, existing devices can be

grouped into five classifications: (1) door monitoring systems, (2) perimeter monitoring systems,

(3) door locking systems, (4) telephone response systems, and (5) personnel Iocators.

Technologies can also be incorporated into notification schemes for the wanderer if it is deemed
effective. A design for a home wandering system should incorporate the best features of

existing systems while adding features that are desirable but are not yet available. More

important, any technological aid should be only a part of a comprehensive plan for managing
wandering behavior.

APPROACH

The five Federal agencies, Research Triangle Institute (RTI) project staff, and engineers at the
NASA Johnson Space Center worked together to develop the applications engineering project

to apply related technology to the problem of wandering. They also actively secured the
involvement of Cortrex Electronics, Inc., early in the process to ensure the commercial

availability of products developed under this project.

Once the five Federal agencies had narrowed the problem to wandering, the RTI project staff

performed the needs assessment for the home wandering system. The goal was to specify

functional requirements based on user-defined needs and then to initiate an applications

engineering project by NASA and a highly qualified manufacturer. The Johnson Space Center
then developed a project plan, solicited proposals from industry, and chose Cortrex Electronics,
Inc., as the manufacturer.

CONCEPT AND FUNCTIONAL REQUIR_MI_NTS FOR A HOMI=
WANDERING SYSTEM

The development of a home wandering system must consider the physical, cognitive, and social
characteristics and needs of older people who wander and of their caregivers and then

incorporate features designed to help meet these needs. The successful device balances

freedom of movement with safety for the wanderer while providing assistance and reassurance
to the home caregiver.

The concept of a wandering notification system was based on a review of the literature, a review

of existing devices and notification strategies, consultation with experts in the field of memory

impairment and aging, and interviews with other persons directly involved with the target

population, such as administrators, physicians, and health care consultants. The concept was
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thencriticallyevaluatedthroughfocusgroupdiscussionsandindividualinterviewswith
manufacturersand caregivers.Themodifiedconceptfor a homewanderingsystemis
discussedhere in termsof itsconfiguration,operationsstrategies,corefunctionalrequirements,
and recommendedadditionalcapabilities.

Thewanderingnotificationsystemconsistsof an identification(ID)tagworn bythe wanderer,a
passagewaydetector,a perimeterdetector,a portablecaregiverunitfor use in the home, a

portable homing unit, and an institutional caregiver system. The modular construction allows for
different configurations based on the environment and on the needs of the older person and the

caregiver. The ID tag is a small transceiving (transmitting and receiving) device that is capable

of notifying the caregiver and/or the wanderer at the onset of a wandering incident. The

caregiver's unit is a portable transceiving device used to notify the caregiver when the wanderer

goes beyond a safe range or is entering an unsafe area. The passageway detector is a door-

mounted device capable of detecting the approach or passage of the ID tag. This unit could be

placed at a door leading outside or where the wanderer could enter a restricted area, such as a

kitchen or stairway. Notification occurs when the ID tag travels out of communication range with

a perimeter detector or when a passageway detector signals the presence of the ID tag.

Figures 1 and 2 show two operational strategies for the home wandering system. In figure 1,
the caregiver allows the wanderer freedom of movement only within a safe perimeter, which

may be the front yard or sidewalk. Here, the ID tag and the caregiver's unit can be used to

notify the caregiver and possibly the wanderer if the wanderer has attempted to travel beyond

the safe perimeter. The configuration in figure 1 would also permit different ranges for individual
users as well as provide potential training of safe movements for the wanderer.

/

Safe Perimeter -_

The wanderer (1) _ _ "_" _ _

has traveled beyond the
safe perimeter, notifying the _ WU ,, Wanderer Unit

careglver (2) of his absence, _ CU - Ceregiver Unit

Figure 1. Home Wandering System m The safe perimeter.



In figure2, the familycaregiverisconcernedaboutthe wanderergoingintoa restrictedarea,
whichmayalso includegoingout thefront door. Here,the passagewaydetectordetectsthe ID
tagand thennotifiesthecaregiver'sunit and possiblythewandererhimself.

The wanderer (1) Is near the doorway.

The doorway sensor unit (3) notifies the careglver (2).

2

WU = Wanderer Unit

CU ,, Caregiver Unit

DSU = Doorway Sen=or Unit

Figure 2. Home Wandering System m Passageway detection.

DESIGN OF THE LOCATOR SYSTEM FOR WANDERING INDIVIDUALS

Based on the concept of the wandering notification system, the Locator System for Wandering

Individuals was designed to provide communication and location monitoring or tracking of one

or more wanderers in either the home or institutional setting. The system also permits a

caregiver to monitor critical wanderer parameters such as wetness, motion, or a call for help.

The system configuration for the home is show in figure 3. The basic configuration uses the ID

tag, caregiver unit, and central control unit. The caregiver unit and ID tag have the same

appearance to reassure the patient. Since the caregiver unit is portable, it permits considerable

caregiver mobility while monitoring wanderer status via the central control unit. The caregiver

may monitor various patient parameters and manually or automatically signal the patient. Up to
four ID tags and four caregiver units can be used in the home system.

The institutional system is depicted in figures 4 and 5. Figure 4 shows the central processing

unit (CPU); figure 5 illustrates the variety of sensors that are located throughout the facility.

Sensor types consist of one central transmitter and multiple remote receivers, passageway

detectors, and ID tags. The ID tags are worn by as many as 128 wandering patients and

nurses. The central transmitter and one or more remote receivers permit wireless radio

frequency communication between the nurses' station and nurse ID tags and the wandering

patients as well as patient and nurse location monitoring on the CPU cathode ray tube (CRT).

ID tag locations are determined by the remote receiver(s) indicating the presence of the ID tag

based on the ID tag transmissions in response to polling by the central transmitter. This type of
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locatingis referredto aszonal tracking;IDtags are locatedwithina particularzonebasedon
the responseat the remotereceivers. Perimeterdetectorspreventpatientsfromwandering
beyondestablishedoutdoorrangessincethe zonedefinedbythe perimeterdetectoris limited.
Passagewaydetectorsrestrictaccessof all patientsor selectpatientsto certainareasbasedon
the programmedacceptanceof certainIDtag transmissions;an unauthorized ID tag
transmission will cause an alarm to sound and also cause the nurses' station to alarm and

identify the ID tag transmission. Should a patient wander away from the facility, the nurses'

station is immediately alerted that the patient cannot be located in any zone and the patient may

be traced and located with the portable homing unit.

Figure 3.- Home Wandering System Configuration
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Figure 4. - Central processing Unit for Institutional Wandering System

Figure 5.- Sensors for Institutional Wandering System
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The CRT can display a variety of screens containing information on the wandering patients and

system status. Figure 6 shows a basic facility floor plan with two wandering patients
(designated 1 and 4) and one caregiver (designated 2). Patient 1 is not in the facility as

expected, indicated by the red color of the icon. Patient 4 is present, as indicated by the light

blue color of the icon. Caregiver 2 is in motion, as indicated by the light green color. Other
status colors for icons are displayed in the legend to the right of the floor plan. The yellow field

below the floor plan displays special status messages; patient 1 is noted as "lost" in figure 6.

Figure 7 shows a similar display, with the caregiver 2 icon indicating a low battery condition

(yellow icon).

Figure 6. - Sample Facility Floor Plan
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Figure7. - SampleFacility Floor Plan - Low Battery Condition
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Figure8 showsthe varietyof parametersenteredintothe patientdatabaseby patienticon.
Figure9 showsthe systemtest program.Tags2 and 4 of the possible 128 are shown as

functioning normally.

;! !

Figure 8.- Patient Database
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Figure 9. - Institutional Wandering System Test Program

The portablehomingunit isshownin figure 10. Thisunit is the sameasthe centralcontrolunit
usedin the homeconfigurationwiththe additionof a loopantennausedfor directionfinding.
TheID tag signalis receivedby the portablehomingunit anda signalstrengthindicatordisplays
a barwhenthe IDtag is in rangeof the portablehomingunit. Theheightof the bar indicates
whetherthe ID tag is nearor far awayfromthe portablehomingunit.

Useof a centralcontrolunit (in thehome)or CPU(inthe institution)allowstremendoussystem
versatility,permittingthe userto quicklycustom-tailorthesystemto a givensetting. Simple
keyboardentriespermiteasysetup,changesinsystemfunction,or patientdataacquisition.

The LocatorSystemfor WanderingIndividualswasdesignedto be fail safe. Thecentralcontrol
unitand CPUareconstantlylisteningfor ID tag signals. If an ID tag should fail and the signal

cease, the caregiver is immediately alerted since the ID tag transmission is no longer present.

Two of the major challenges in development of the Locator System for Wandering Individuals

were designing reliable wireless communication links and the very complex ID tag displayed in

figure 11. A wireless communication link can be formed using optical, sonic, magnetic, electric,
or radio frequency electromagnetic fields. Optical techniques may use non-coherent visible

light, laser, or active infrared. Sonic methods include audible sound and ultrasonics. Optical

and sonic fields are highly directional, are generally limited to less than 33 meters in range, and

cannot penetrate walls. Magnetic or electric fields can penetrate walls, but are limited to very
short range at reasonable power levels. Radio frequency was clearly the wireless link of choice

and was therefore used in this application.
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Becauseof its rangeandnumberof users,radiofrequencyuse is controlledby the Federal
CommunicationsCommission(FCC),sothat mutualinterferencemaybe minimized. Sections
of the radio frequency spectrum referred to as "bands" are allocated for various types of

communication. In selecting bands best suited for the wireless link, a number of factors were

considered: FCC requirements and stability of rules, types of services now using the bands,

radio frequency link efficiency with small antennas, effect of the human body or obscurations on

link performance, and cost and complexity of receiver and transmitter.

Of all the system components, the ID tag design was the most challenging. It was a difficult

task to incorporate radio frequency receivers, transmitters, microcontroller, logic, batteries,

sensors, audio transducer and miscellaneous circuits into a watertight package not larger than a

scientific calculator watch (see figure 11). In addition, the ID tag was required to support a

communication range of several hundred feet and a battery life of six to eight weeks all at a
price affordable to the average user. These goals were met by using a creative combination of

commonly available components with surface mount technology (see figure 12).

Figure 10. - Portable Homing Unit
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Figure 11. - Identification Tag

Figure 12. - Packaging of Identification Tag Components
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CONCLUSION

There is a growing awareness of and concern about problems of wandering in the memory-

impaired elderly population. As expressed in the literature and reinforced by family caregivers,

it is perhaps more desirable to allow for safe wandering than it is to completely restrict the

behavior. There are coping strategies available that provide for some wandering. However,

these strategies can easily stretch the physical and mental limits of a caregiver's already

demanded time. Technologies that are becoming less expensive and more readily available

should be incorporated into a system as part of a comprehensive wandering management
program for caregivers.

Successful implementation of the Locator System for Wandering Individuals will depend on

system availability, ease of use, and the features and benefits that will directly influence the
purchasing decision. The following benefits have been identified for system use in the home

setting: controlled freedom rather than enforced restriction for the wanderer; serf-monitoring
and memory training for some wanderers; security and peace of mind for family caregivers;

reduced caregiver stress; signal locating and signal tracking should the older person become

lost; additional prompting capabilities; and potential reduced or delayed need for
institutionalization of the family member.

Cortrex Electronics, NASA, and the other sponsoring government agencies believe that the

Locator System for Wandering Individuals promises to be the best solution to care of the
wandering patient in both the home and institutional environments.
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